Public health researchers often rely on participants' self-reports to measure utilization of health care services or other key outcomes of interest. One noteworthy example is the U.S. National Health Interview Survey (NHIS), which collects self-reported information by telephone interview to guide national health policy. 1 Several studies have quantified the validity of selfreported health information. Inferences from these studies have ranged from the conclusion that selfreported data are of questionable value to the conclusion that the validity of self-reported information is sufficient to answer many research questions given appropriate study design and adequate sample size. [2] [3] [4] [5] [6] [7] [8] [9] Research suggests that certain self-reported dental information is valid. The validity of self-reports of tooth counts and presence of removable dentures has generally been high, [10] [11] [12] [13] although validity varies with the degree of specificity required. Self-reported utilization of dental care has also been found to be valid, but this validity also varies with the level of specificity required (e.g., frequency of dental visits, types of services received, reasons for care). 10, [14] [15] [16] [17] To our knowledge, no prospective study of the validity of self-reported use of specific types of dental services has been reported. We describe here the results of such a study. We compared self-reported use of dental services with receipt of services as recorded in dental charts to quantify the validity of self-reports by specific dental service categories. For this analysis, we used data from the Florida Dental Care Study (FDCS), a prospective cohort study of oral health and use of dental care, the field phase of which began in 1993 and ended in 2000. More detail on the study is available at http://nersp.nerdc.ufl.edu/ϳgilbert/. In 1998, the FDCS expanded its scope to document data retrospectively from participants' dental charts. The present report is a follow-up to FDCS work pertaining to the validity of self-reported tooth loss cross-sectionally 13 and longitudinally 18 and work on the validity of selfreported use of any dental care in a given time interval. 19 Our intent here is to focus on the validity of selfreports that required an even greater level of specificity than required in these earlier studies. Our objectives were (a) to quantify the validity of self-reports of the receipt of specific types of dental service during a 48-month period, and (b) to test whether imperfectly valid reports affected substantive conclusions about predictors of use (statistical significance and effect magnitude).
METHODS
After the FDCS had been in progress for more than 48 months, we had an opportunity to add a dental chart component to the study. This allowed us to retrospectively use the dental chart as a validation source of dental visit data that had already been provided by FDCS participants prospectively. The informed consent of all human subjects who participated in this investigation was obtained after the nature of the procedures had been explained fully.
Sampling methods and attrition
The goal of the sampling procedure was to ensure the inclusion of a large proportion of individuals at a hypothesized elevated risk for poor oral health (specifically, non-Hispanic African Americans, residents of rural areas, people ages 45 years or older, and the poor). Sampling details have been provided elsewhere. 20 Briefly, however, subjects were residents of four counties in north Florida: three nonmetropolitan counties (Hamilton, Jefferson, Madison) and one metropolitan county (Duval, which contains the city of Jacksonville). Telephone screening using Donnelley listings and random digit dialing identified 5,254 individuals meeting age (Ն45 years) and residence eligibility. These individuals were screened for dentate status, self-reported race, and poverty status, resulting in 3,998 eligible respondents. Only non-Hispanic white and non-Hispanic black respondents were included in the baseline sample. (Respondents were first asked a question about their race, then asked, "Are you of Spanish or Hispanic ancestry?") "Poor" meant annual household income below the U.S. Bureau of the Census definition of poverty based on household size. 20 The 873 subjects who participated at baseline were recruited from a random sample of the 3,998 eligible individuals, stratified by rural/urban residence (50% rural and 50% urban). ("Rural" meant residence in one of three nonmetropolitan counties.) This resulted in a sample with minimal bias with respect to the population of interest, 20 defined as individuals 45 years old or older who had a telephone, did not reside in an institutional setting, resided in one of four counties in north Florida, could engage in a coherent telephone conversation, and had at least one tooth (one study objective was to investigate tooth loss). This sample had a dental care recency at baseline that was very similar to that shown in 1989 NHIS data, and conclusions drawn from the FDCS and 1989 NHIS regarding sociodemographic determinants of dental care recency were the same. 20 Additionally, the percentage of the sample that reported one or more dental visits in the first two years of the FDCS, 77%, was very similar to the figure among the comparable group of 1989 NHIS respondents, 75% over a two-year period. 20, 21 Possible bias in the sample due to attrition was assessed by comparing characteristics of those who participated in an interview at 48 months with those who did not for any reason. We have detailed these analyses previously. 19 Briefly, however, the study began with 873 participants at baseline, August 1993 to April 1994; by 48 months, 85% (weighted n = 743; unweighted n = 714) remained in the study. Reasons for non-participation over 48 months included death (n = 55), loss to follow-up (n = 34), refusal (n = 35), and inability to participate for medical reasons (n = 7). Those who were interviewed at 48 months were in better general health based on self-report than those who were not interviewed and were more likely to have been regular dental care attenders, to be white, to have graduated high school, to live in household with incomes above the poverty threshold, to be able to pay an unexpected $500 dental bill as self-reported at baseline, and to report an annual household income Ն$20,000 (Pearson and Mantel-Haenszel chisquare tests; pϽ0.05 for each comparison). No differences in participation were observed with respect to age group, sex, rural vs. urban area of residence, household income Յ150% of the poverty threshold vs. Ͼ150% of the poverty threshold, present financial situation (whether income met expenses), or having dental insurance. The mean number of teeth present at baseline was 22.2 (standard deviation [SD] = 7.0) for the 743 individuals who participated through 48 months and 21.2 (SD = 7.6) for non-participants through 48 months. This difference was not statistically significant. Of 873 participants at baseline, 47% reported that they had been to a dentist in the previous six months. Of those who participated over 48 months (n = 743), 49% reported at baseline that they had been to a dentist in the previous six months.
Data gathering stages
An in-person interview was conducted at baseline, immediately followed by a clinical dental examination. Follow-up telephone interviews were conducted at 6 months, 12 months, and 18 months. At 24 months, the interview was conducted in person instead of by telephone and was followed immediately by a clinical examination. Additional follow-up telephone interviews were conducted at 30 months, 36 months, and 42 months. The interview at 48 months was conducted in person and was followed immediately by a clinical examination. For the 48-month time point, the mean number of months at which interviews actually took place was 48.4 (SD = 1.2).
Questionnaire content
Participants were asked about use of dental care and about a broad range of oral health conditions. The wording of all items can be found on the FDCS website (http://nersp.nerdc.ufl.edu/ϳgilbert/), but some questions will be described in detail for the purposes of this report. During each interview, for example, participants were asked, "Have you been to see a dentist since we talked with you last on [date of previous interview]?" If participants responded affirmatively, they were asked the name(s) and address(es) of dentists seen, total number of visits, reason(s) for each visit, and service(s) received. Interviewers read from a structured list of reasons for dental visits and types of dental services.
Certain sociodemographic variables were also queried, among them age group (45-64 years old vs. Ն65 years old), sex, race (non-Hispanic African American vs. non-Hispanic white), and household income (Ͻ$20,000 per year vs. Ն$20,000 per year).
Dental chart data collection methods
Because participants reported the names and addresses of all dentists seen post-baseline, we had an opportunity to abstract dental chart data if the dentists who treated participants allowed us to review charts. Having these chart data allowed us to substantially increase the amount of detail gathered on participants in the study. Participants were asked at the 24-month interview to provide written permission for a review of the dental charts from each dental practice that they had attended since baseline, and for that permission to remain in effect until the study was completed. All but 4 of the 764 participants at the 24-month session gave this written permission. Following a pilot study and training to achieve high inter-rater reliability, dental hygienist research assistants abstracted from each chart the dates of visits, teeth/areas treated, and American Dental Association procedure codes. These methods for this practice-based chart abstraction have been detailed elsewhere. 22 Of the 286 practices named by FDCS subjects, all but 10 participated.
Of the FDCS participants who gave permission for a review of their dental charts, 677 (86%) reported having had at least one dental visit during the first 48 months of the study. Of those 677, we located dental charts on 619 individuals, of whom 618 had a documented dental visit during their 48 months of followup.
The semiannual interviews did not always occur on the six-month anniversary of an individual's baseline interview. However, because we had actual dates of visits from the dental charts as well as interview dates, we were able to conduct the analyses such that data from both the interview and the dental chart had the same time frame. Each participant could contribute up to eight interviews (6, 12, 18, 24, 30, 36, 42 , and 48 months). Each time a participant completed a postbaseline interview, one person-interval was added to the data.
Measures of agreement
The validity of self-reported use of dental services in specific categories was quantified using a nominal (received/not received) scale. Agreement was quantified using three different measures: percent of pairs concordant; the Kappa statistic, 23 κ; and the Yule statistic (coefficient of colligation), 24 Y. Percent concordance is the sum of the percentages of individuals who: (a) stated during the interview that they had had the specific type of dental service since the previous interview and the dental chart verified this, or (b) stated that they had not had the specific type of dental service since the previous interview and the dental chart verified this. The κ statistic takes into consideration the amount of agreement that could be due to chance and assigns a positive value to agreement that is better than by chance. Generally, values of κ greater than 0.75 represent excellent agreement, while values from 0.40 to 0.75 represent fair to good agreement and values less than 0.40 represent poor agreement. 23 Because κ varies with the base prevalence, 25 we also quantified agreement using Y, which is closely related to κ but more stable than κ for low to middle prevalences. 23, 26 Other statistical methods Analyses were performed using SAS. 27 Statistical significance refers to probabilities Ͻ0.05. Results were weighted using the sampling proportions in order to reflect the populations of the counties studied. 20 We used the GENMOD procedure (after one of the authors [BJS] did a substantial amount of SAS macro coding) to fit a single bivariate multiple logistic regression for each of the 10 service categories, in which the two outcomes modeled simultaneously were self-reported use of a specific type of dental service measured semiannually and service use as determined from dental charts. These bivariate regressions correlated the error terms across the two measures of specific service use simultaneously to allow comparison across the two outcomes for the effects of individual predictors. This was done instead of a separate univariate multiple logistic regression for each of the two measures of service use, the error terms of which would not be correlated across equations and which would preclude direct comparison of the magnitudes of parameter estimates. The model was fit using an exchangeable covariance matrix in a population-averaged model, using the logit link and binomial distribution. Pearson and deviance χ 2 statistics were used to assess overall model fit. Multicollinearity was assessed using a method described elsewhere, 28 which is available in the SAS REG procedure. Table 1 quantifies the level of agreement between the self-reported and dental chart measures of dental service use within six-month intervals. When measured by percent concordance, agreement ranged from 82% to 100% across dental service categories. κ values ranged from 0.33 to 0.91 across categories. Y values ranged from 0.57 for dental radiographs to 0.99 for biopsy.
RESULTS

Agreement between self-reports and dental charts
We were also interested in estimating the semiannual incidence of use of specific categories of services at the level of the entire sample. Table 1 shows how conclusions about these incidence rates differed depending upon whether the self-report or dental chart measure was used. For five service categories, the selfreport measure underestimated the true incidence. For one category, the self-report measure overestimated the true incidence, and for three measures, the incidence rates were the same.
Multiple regression analyses
One of the objectives of the FDCS was to identify determinants of use of specific categories of dental services and to quantify their effects on the probability of using services in these categories in any single sixmonth period. Table 2 shows the results of the bivariate logistic regressions in which the two outcomes were modeled simultaneously (self-report and dental chart measures). To simulate how substantive conclusions about predictors of dental service use might differ depending upon which outcome measure was used, we selected four hypothesized determinants (age group, sex, race category, and household income). For each of these four variables, parameter estimate confidence intervals overlapped for the two service receipt outcomes. However, for five of the 10 service categories, although confidence intervals overlapped, there was a difference in conclusion about statistical significance for at least one of the four predictors. For example, for the biopsy service category, the parameter estimate for the "household income" predictor was not statistically significant when the outcome was self-reported but was significant when the outcome was determined from the dental chart. A similar circumstance can be seen for four other service categories (root canal, extractions, fluoride gel applied, and dental cap or implant).
DISCUSSION
Bivariate results
The results shown in Table 1 suggest that the validity of self-reported use of specific categories of dental services ranges from poor to excellent, depending upon the service category under consideration. Procedures with more impact on or salience for the daily lives of individuals (biopsy, root canal, extractions) seem to be associated with more valid reports. This speculation is consistent with the conclusions of nondental studies that have found that more salient events Table 1 . Agreement between self-report of whether a certain category of dental procedure was performed in the previous six-month period and information from the dental chart NOTE: n = 618 individuals for whom dental charts were located, and who participated in a given six-month interview (representing a total of 4,945 person-intervals). For the participant-level agreement columns, we pooled all of the person-intervals for any single dental procedure and then cross-tabulated self-report of whether the participant had had that dental procedure in the given six-month interval with information from the dental chart. Agreement statistics were then calculated from this cross-tabulation. For the full sample-level columns, we pooled all person-intervals for any single dental procedure; the first column shows the six-month incidence by self-report, and the second column shows the six-month incidence based on dental charts. κ = Kappa statistic Y = Yule statistic such as hospitalizations are reported more validly than ambulatory outpatient visits. 2,3,29-31 However, we did not measure daily life impact or salience in this study, so this remains a speculation, not a conclusion. Furthermore, although the percent agreement for dental cleanings is among the lowest, the associated values of the κ and Y statistics are relatively high. We were only able to identify one study in the literature that has quantified the validity of self-reported use of specific dental services, as distinct from specific dental health conditions. A retrospective review of dental charts from 250 dental patients of a university health service found that concordance between self-report and chart ranged from 74% to 96%, and κ values ranged from 0.45 to 0.75. 15 In the university health service study, dental cleaning (κ = 0.75) and filling (κ = 0.71) had the highest levels of agreement, exceeding those for tooth extractions (κ = 0.68), root canals (κ = 0.64), and crowns, caps, or bridges (κ = 0.45). We located one additional retrospective study, but it was limited to a comparison between individuals with parotid gland tumors and control subjects in the number of selfreported dental X-ray visits. 32 At the level of the entire sample, we see in Table 1  Table 2 . Results of bivariate multiple logistic regressions of receipt of dental services within the previous six months, based on prospective self-report vs. retrospective dental chart review that the similarity between self-reported and chartbased semiannual incidence of specific categories of procedures does not always parallel the participantlevel agreements. For example, while self-reported frequencies of biopsy and root canal procedures were identical, some of the other services were substantially under-reported by respondents, while others were overreported, in the sample at large. We were also interested in evaluating whether participants' self-reports improved during the study. An analysis of agreement by interview interval (not shown), limited to those who participated at each interview and for whom we had dental charts (n = 618), suggested that agreement did not improve or worsen over the 48 months of observation. Nor did validity differ between self-reports obtained by telephone vs. inperson interviews.
Multiple regression results and implications of this study
The regression results in Table 2 speak to additional implications of the validity of self-reported use of specific categories of dental services. To our knowledge, there has been no longitudinal study of how the validity of self-reported data affects substantive conclusions about predictors of dental care utilization. That is, if the purpose of a study is to quantify the statistical significance and effect magnitude associated with pre- dictors of use of specific dental services, then the "acid test" of the impact of less than optimal validity would be to compare multivariable regression results using the self-reported outcome and the criterion gold standard (i.e., the dental chart in this study). From Table 2 , we see that parameter estimate intervals overlapped for each of the four predictors for each of the 10 service categories; that is, that there were no statistically significant differences between regressions in parameter estimates. However, there were differences in conclusions about the statistical significance of certain predictors for five of the 10 service categories.
Methodologic limitations
The sampling methods in this study were designed to allow generalization to the population of interest, and we have demonstrated that this regional sample had much in common in terms of the sociodemographic determinants of utilization with a comparable national sample. 20, 21 However, participants were cognizant that they were participating in a prospective study and that they would be queried periodically about their dental care use; this may have improved the validity of their self-reports. We know that behavior can change as a result of knowledge that a behavior is being observed, and we have observed such an effect, albeit a small one, with regard to dental care utilization in this sample. 33 However, validity did not change over the 48 months of follow-up, suggesting that involvement in the study did not affect the validity of self-reports. Future studies should be conducted using other populations and data collection methods before further generalizations are made. By design, some semiannual interviews were conducted by telephone but others were conducted in person. Evaluation of change longitudinally is therefore confounded by a method effect. A previous analysis of FDCS data revealed that the self-reported incidence of oral health problems tended to be slightly higher for the in-person interviews than for telephone interviews. 34 However, in the present study, validity was not statistically different between the in-person interviews at 24 and 48 months and the telephone interviews (not shown). Yaffe et al. found that in-person interviews had higher validity than telephone interviews for self-reported dental care use for a single sixmonth period. 35 
Conclusions and implications
Taken as a whole, this study suggests that: (a) the validity of self-reported use of specific types of dental services for this kind of sample and study design ranges from poor to excellent, depending upon the dental service category under consideration; and (b) there are some salient differences in the statistical significance and effect magnitudes of the parameters in predictive models that use the self-reported measure as compared to the dental chart measure as the service use outcome of interest. In a previous report from the FDCS, we concluded that the validity of self-reported use of any dental care in a given time interval was high. 19 The current report suggests that when the level of specificity is increased, the validity of self-reported use of specific types of dental services varies substantially by service type. When public health information on use of dental services is gathered by self-report, the level of specificity queried should be documented, along with the extent to which the validity of these self-reports varies with the level of specificity required. 
